In this study, we investigated the role of hormones in the pathogenesis of calcifications in ovary and in endometrium and their neoplasms of the gynecologic tract and assessed the anatomic location and incidence of these calcifications. The study consists of three parts designed to investigate the pathogenesis, the location, and the incidence of calcifications in ovary and endometrium and their neoplasms. In the first part, 79 female guinea pigs were divided into 10 groups, and different hormones, given weekly for 12 months, were administered to the guinea pigs by group. A control group of 7 guinea pigs received sterile water. Calcifications developed in 5 of 7 guinea pigs treated with prolactin, 10 of 20 treated with human chorionic gonadotropin, 5 of 11 treated with estradiol, 3 of 7 treated with estrone, 1 of 6 treated with growth hormone, and 1 of 10 treated with testosterone; in 20 of the guinea pigs, the calcifications developed in the stroma of the endometrium, and in 5 guinea pigs, they developed in the ovary. The second part of the study consisted of an evaluation of the specific location of calcifications in 43 consecutive human surgical ovaries and endometria. Calcifications were seen only in the stroma in 100% of the ovarian serous adenofibroma specimens; in ovarian serous borderline neoplasms, the stroma contained 70 to 100% of the calcifications, and the epithelium had 0 to 30% of the calcifications. In ovarian serous carcinoma specimens, the calcifications were seen in the stroma in 50 to 60% of the cases, in the epithelium in 40% of the cases, and in areas of necrosis in 10% of the cases.
Pathologic calcifications are classified as either metastatic (associated with hypercalcemia) or dystrophic (associated with normal calcemia) (1, 2) . Traditionally, calcifications in neoplasms have been considered to be dystrophic, forming secondary to degeneration of the epithelium or in association with areas of necrosis (2) (3) (4) (5) (6) . However, a secretory rather than a degenerative etiology has also been suggested on the basis of the absence of stainable DNA and RNA in areas with calcifications (7) (8) (9) .
In this study, we investigated the role of hormones in the pathogenesis of calcifications in the ovary and the endometrium and their neoplasms and assessed the anatomic site and incidence of these calcifications. A novel pathogenetic mechanism to explain the presence of calcifications in the ovary and endometrium is presented.
MATERIALS AND METHODS
This study was divided into three parts to study the pathogenesis, the location, and the incidence of calcifications in the ovary and the endometrium and their neoplasms. To study the pathogenesis of calcifications, 79 female guinea pigs were divided into 10 different groups, and a different hormone was administered to each group. The hormones, the weekly doses and modes of administration, and the number of guinea pigs per group were as follows, respectively: estradiol, 1 mg intramuscularly (IM), n ϭ 11; estrone, 1.2 mg IM, n ϭ 7; testosterone, 80 mg IM, n ϭ 10; dihydrotestosterone, 10 mg orally, n ϭ 4; tamoxifen, 3 mg orally, n ϭ 5; megestrol acetate, 100 mg orally, n ϭ 4; clomiphene, 1.5 mg orally, n ϭ 5; human chorionic gonadotropin, 500 U IM, n ϭ 20; prolactin, 0.4 mL IM, n ϭ 7; and growth hormone, 0.2 mL IM, n ϭ 6. All of the hormones were administered for 12 months. The number of animals placed in each group was determined by our previous experience with these hormones (10, 11) . Larger numbers of animals were placed in the groups receiving hormones likely to induce calcifications, whereas a smaller number of animals received the hormones that were less likely to induce calcifications, or hormones that were difficult to obtain, such as prolactin and growth hormone. The control group comprised 7 guinea pigs that received sterile water in doses of 2 mL/wk IM for 12 months. After 12 months, all of the guinea pigs were killed, and a complete autopsy was performed on each.
To evaluate the locations of calcifications, we reviewed 43 consecutive human gynecologic specimens: 33 epithelial ovarian neoplasms, including 3 serous adenofibromas, 6 serous borderline tumors, 13 low-grade serous carcinomas, 10 high-grade serous carcinomas, and 1 undifferentiated carcinoma; and 10 endometria, including 5 proliferative endometrium, 3 endometrial hyperplasia, and 2 endometrial endometrioid adenocarcinomas with calcifications. We evaluated calcifications smaller than 30 m in greatest dimension because the precise origin of calcifications larger than 30 m generally could not accurately be determined. In specimens with small calcifications, we evaluated the location of the calcifications, the presence of necrosis or vascular changes, and the number of mitoses in the cells near the calcifications.
To assess the frequency of calcifications, we investigated the presence or absence of calcifications in a retrospective review of 56 serous lesions, including 10 cases of ovarian endosalpingiosis and 46 cases of ovarian neoplasms (10 serous borderline tumors, 16 low-grade serous carcinomas, and 20 high-grade serous carcinomas).
The low-and high-grade serous carcinomas were classified by criteria recently proposed by Malpica et al. (12) . Serous carcinomas with Յ10 mitoses per 10 high-power fields or absence of significant nuclear pleomorphism were classified as low-grade tumors, and those with Ͼ10 mitoses per 10 highpower fields or with significant nuclear pleomorphism were classified as high-grade tumors.
RESULTS
Calcifications were found in 25 of the 79 guinea pigs that received hormones. No calcifications were found in the guinea pigs that received sterile water. The number of guinea pigs with calcifications, by the hormone received, was as follows: estradiol, 5 of 11 guinea pigs; estrone, 3 of 7 guinea pigs; testosterone, 1 of 10 guinea pigs; dihydrotestosterone, 0 of 4 guinea pigs; tamoxifen, 0 of 5 guinea pigs; megestrol, 0 of 4 guinea pigs; clomiphene, 0 of 5 guinea pigs; human chorionic gonadotropin, 10 of 20 guinea pigs; prolactin, 5 of 7 guinea pigs; and growth hormone, 1 of 6 guinea pigs. The calcifications were found in the stroma of the endometrium and within endometrial glands in 20 of the 25 cases, and in the ovarian stroma in the remaining 5 cases. Each of these 25 cases had one to five foci containing calcifications and had no areas of necrosis associated with these calcifications.
In the 43 gynecologic specimens reviewed to determine the location of the calcifications, the sites varied by the histologic type of lesion. Table 1 shows the results of the 33 ovarian neoplasms. In the three ovarian serous adenofibromas, the calcifications were present only in the stroma. Necrosis and mitoses were not seen in these areas. In the six ovarian serous borderline tumors, the percentage of calcifications in each tumor present in the epithelium ranged from 0 to 30% (median, 0%); conversely, the percentage in the stroma ranged from 100 to 70% (median, 100%; Fig. 1) . No necrosis or Necrosis: ϩ ϭ one focus Ͻ 3 mm; ϩϩ ϭ two to three foci, Ͻ 3 mm; ϩϩϩ ϭ over three foci or larger than 3 mm.
mitoses were present in these areas. In the 13 ovarian low-grade serous carcinomas, the percentage of the calcifications in the epithelium ranged from 10 to 60% (median, 40%), and the percentage in the stroma ranged from 80 to 40% (median, 60%; Fig.  2 ). In a single case of ovarian low-grade serous carcinoma, 10% of the calcifications were in an area of necrosis. One to seven (median, 3) mitotic figures per 10 high-power fields were present in these specimens. In the 10 ovarian high-grade serous carcinomas and in the only ovarian undifferentiated carcinoma, the percentage of calcifications in the epithelium varied from 20 to 70% (median, 37%; Fig. 3 ), the percentage of calcifications in the stroma ranged from 30 to 80% (median, 50%), and the percentage of calcifications in areas of necrosis ranged from 4 to 40% (median, 10%). Six of the 10 cases of high-grade serous carcinoma and the undifferentiated carcinoma had areas of necrosis. In this group, the number of mitotic figures ranged from 10 to 30 (median, 21) per 10 high-power fields. In the 10 cases with endometrial calcifications, the location of the calcifications varied by the diagnosis.
In the cases of proliferative endometrium, 90% of the calcifications were in the stroma, and 10%, within glands. In the cases of simple endometrial hyperplasia, 100% of the calcifications were in the lumens of the glands; and in the cases of endometrial adenocarcinoma, 70% of the calcifications were in the epithelium and 30% were in the stroma. No vascular changes were seen in any of the 43 cases reviewed.
In our assessment of 56 cases with the objective of determining the frequency of calcifications, we found calcifications in all 10 cases of endosalpingiosis and all 15 ovarian low-grade serous carcinomas. Eight of the 10 (80%) ovarian serous borderline neoplasms and 10 of the 20 (50%) ovarian highgrade serous carcinomas had calcifications. In most cases, the calcifications were scattered and focal, and large areas without calcifications were seen between foci with calcifications.
DISCUSSION
The most widely accepted theory regarding the pathogenesis of calcifications postulates that calcifications are due to calcium deposition in areas of cellular degeneration associated with either an infectious process, such as that which occurs in malakoplakia, or with ischemic changes, such as those seen in papillary neoplasms (2) (3) (4) (5) (6) . It has been proposed that in ovarian serous neoplasms, calcifications start in the epithelial cells and stromal histiocytes. This theory has been questioned, however, by some investigators who have proposed that the calcifications might be related to a secretory phenomenon (7) (8) (9) . This hypothesis is based on the absence of DNA and RNA and the presence of acid mucopolysaccharides in the areas of calcification.
Calcifications have also been described in various neoplasms associated with hormone production, including duodenal somatostatinoma, carcinoid tumor, prolactinoma, calcifying Sertoli cell tumor, and gonadoblastoma, and in benign endometria of patients receiving Enovid for contraception and clomiphene (13) (14) (15) (16) .
In this study, we observed that calcifications can be induced in guinea pigs by hormone administration. Calcifications were identified in 71% of the guinea pigs given prolactin, 50% of those given human chorionic gonadotropin, 45% of those given estradiol, 43% of those given estrone, 17% of those given growth hormone, and 10% of those given testosterone. Therefore, we conclude that calcifications are not induced by only one hormone or a specific group of hormones.
In our assessment of the locations of calcifications in the ovary and endometrium, the incidence of calcifications was higher in the stroma than in the epithelium; however, the incidence varied by type of the lesion. In serous adenofibroma, calcifications were present only in the stroma; in borderline serous tumors, 70 to 100% of the calcifications were present in the stroma. In carcinoma, 40 to 80% of the calcifications were seen in the stroma, 10 to 70% in the epithelium, and the rest in areas of necrosis. In the 5 cases of proliferative endometrium, 90% of the calcifications were in the stroma and 10% in the lumen of the glands. In the cases of endometrial hyperplasia and adenocarcinoma, most of the calcifications were in the lumen of the glands. The higher frequency of calcifications in the stroma suggests that calcifications are not associated with degenerative epithelial changes. In epithelial tumors, the epithelial cells have a higher proliferation rate and are farther away from the vessels than are the stromal cells, which would make the epithelial cells more prone to degenerative changes. Although we do not know why calcifications occur predominantly in the stroma, the phenomenon could be related to metabolic changes secondary to paracrine effects in the stromal cells. Our review also showed that even in tumors with significant necrosis, only 4 to 40% (median, 10%) of the calcifications occurred in necrotic areas.
In the cases reviewed to study the frequency of calcifications, we found that all 10 cases of endosalpingiosis, and all 15 ovarian low-grade serous carcinomas had calcifications, whereas only 80% of the ovarian serous borderline tumors and 50% of ovarian high-grade serous carcinomas had calcifications. The presence of calcifications in all cases of benign conditions and low-grade neoplasms and in only 50% of the high-grade carcinomas also supports the theory that calcifications in ovary and endometrium and their neoplasms are rarely due to cellular degeneration. If calcifications are mainly caused by cellular degeneration, then they should occur more frequently in high-grade neoplasms than in benign conditions. Psammocarcinoma is composed almost entirely of calcifications, with very few epithelial cells (17) . It would be impossible to explain psammocarcinoma as a lesion caused by calcification of epithelial cells.
In summary, we have demonstrated that calcifications in the ovary and endometrium and their neoplasms can be induced by various hormones in guinea pigs and that they are more frequently seen in the stroma, especially in benign and low-grade ovarian human tumors. It is likely that multiple mechanisms are involved in the pathogenesis of calcifications, because calcifications are also seen in areas of necrosis and in tumors with degenerative changes. Understanding the pathogenesis of calcifications might have an impact on the development of new diagnostic and therapeutic modalities.
